Age-dependent decline in mitogenic stimulation of hepatocytes. Reduced association between Shc and the epidermal growth factor receptor is coupled to decreased activation of Raf and extracellular signal-regulated kinases.
The proliferative potential of the liver has been well documented to decline with age. However, the molecular mechanism of this phenomenon is not well understood. Cellular proliferation is the result of growth factor-receptor binding and activation of cellular signaling pathways to regulate specific gene transcription. To determine the mechanism of the age-related difference in proliferation, we evaluated extracellular signal-regulated kinase-mitogen-activated protein kinase activation and events upstream in the signaling pathway in epidermal growth factor (EGF)-stimulated hepatocytes isolated from young and old rats. We confirm the age-associated decrease in extracellular signal-regulated kinase-mitogen-activated protein kinase activation in response to EGF that has been previously reported. We also find that the activity of the upstream kinase, Raf kinase, is decreased in hepatocytes from old compared with young rats. An early age-related difference in the EGF-stimulated pathway is shown to be the decreased ability of the adapter protein, Shc, to associate with the EGF receptor through the Shc phosphotyrosine binding domain. To address the mechanism of decreased Shc/EGF receptor interaction, we examined the phosphorylation of the EGF receptor at tyrosine 1173, a site recognized by the Shc phosphotyrosine binding domain. Tyrosine 1173 of the EGF receptor is underphosphorylated in the hepatocytes from old animals compared with young in a Western blot analysis using a phosphospecific antibody that recognizes phosphotyrosine 1173 of the EGF receptor. These data suggest that a molecular mechanism underlying the age-associated decrease in hepatocyte proliferation involves an age-dependent regulation of site-specific tyrosine residue phosphorylation on the EGF receptor.